Introduction
============

In recent years, there has been a significant focus on eradicating socioeconomic and racial disparities in healthcare, as evidenced by the stated objectives of the Institute of Medicine and the Healthy People 2020 agenda of the US Department of Health and Human Services.^[@b1]--[@b2]^ One area in which such disparities have long been observed has been in surgical and medical procedures, though less so in more routine care.^[@b3]^ Efforts to narrow this gap have not yet met with widespread success.^[@b3]^

Ischemic heart disease is no exception to this rule. It is the leading cause of death among Americans, and prior studies link income inequality to increased mortality.^[@b4]--[@b5]^ Many previous studies have identified socioeconomic differences in the use of procedures.^[@b6]--[@b8]^ However, the advent of drug‐eluting stents in the last decade provides an opportunity to evaluate how differences in the diagnosis and treatment of ischemic heart disease have persisted or faded over time, and how they are related to the introduction of a new costly but potentially effective technology.

Studies examining DES utilization are limited mostly to evaluations of pre‐2008 data, reflective of a time when there was still significant controversy regarding the risks of DES usage including very late stent thrombosis.^[@b9]--[@b14]^ Indeed, racial disparities in DES use varied over time from 2003 to 2007, with no disparities observed during the initial surge in DES usage followed by a subsequent reappearance of disparities similar to those observed in the pre‐DES era.^[@b15]^ Since the widespread establishment of clear risks and benefits for DES usage, there have been few studies examining whether socioeconomic differences are still associated with differences in usage, whether patterns of revascularization have changed, and if so, whether this impacts cardiovascular outcomes.

Given that 2008 was the first year that concerns of late stent thrombosis were mostly settled and overall usage of DES stabilized among the general patient population,^[@b16]^ we chose to examine socioeconomic differences subsequent to this time period. We sought to determine the extent of inequalities by income with regards to quality of care, procedural usage, and in‐hospital outcomes for patients admitted with acute coronary syndrome in the modern era of DES.

Methods
=======

Data Source
-----------

We analyzed hospital discharge data from the Healthcare Cost and Utilization Project (HCUP) sponsored by the Agency for Healthcare Research and Quality. HCUP includes the largest collection of longitudinal hospital care data in the United States, with all‐payer, encounter‐level information without selection bias since 1988 and has been widely used in other major studies.^[@b17]--[@b19]^ We used state specific data from 4 states (CA, FL, NJ, and NY). We chose to examine data from these select states rather than the national dataset because these state datasets include all patients hospitalized at non‐federal facilities including all insurance types (including Medicare, Medicaid, private insurance, and uninsured), which are not available for the entire national dataset.

Patients
--------

We identified hospitalizations for acute coronary syndrome (ACS, N=835 070), distinguishing the type of ACS (STEMI, Non‐STEMI, or unstable angina) using admission and discharge diagnosis codes from January to December of 2008‐2011. We used ICD codes for myocardial infarction 410.0 through 410.9 (which specifies Non‐STEMI and STEMI), 411.1, 411.8, and 411.89 (unstable angina). We also determined whether certain procedures were performed and their timing relative to admission. For all states, we were able to determine in‐hospital mortality and 30‐day re‐admission rates from the HCUP dataset.

Income
------

We used HCUP data on income that stratifies patients into 4 income quartiles based on median household state‐specific income for the patient\'s ZIP Code.

Health Outcomes and Process of Care
-----------------------------------

We identified health outcomes measures of in‐hospital mortality, length of stay, and 30‐day re‐admission (among patients who survived at least 30 days). As potential quality of care measures, we examined whether a patient with a STEMI as an admitting diagnosis received a cardiac catheterization within 24 hours and whether a patient with a Non‐STEMI (NSTEMI) received a cardiac catheterization within 48 hours. We identified these as quality measures based on the class I indication from the 2004 and 2012 ACCF/AHA STEMI guidelines^[@b20]--[@b21]^ and the results of the TACTICS study, which showed that unstable angina and NSTEMI patients treated with a glycoprotein IIb/IIIa inhibitor who received an early invasive strategy with catheterization within 48 hours had a significantly lower incidence of major cardiac events compared to a conservative strategy.^[@b22]^ We also examined other process of care measures, such as the proportion of each income quartile who received revascularization of any kind (percutaneous coronary intervention \[PCI\] or coronary artery bypass grafting), and if revascularized with PCI, the proportion who received a DES versus bare metal stent (BMS) during their ACS hospitalization. Based on the landmark clinical trials^[@b23]--[@b24]^ demonstrating lower rates of major adverse cardiac events for DES over BMS for the treatment of coronary stenosis, we use DES as the normative standard. While it is true that there are select cases in which a BMS may be preferred over DES, we assume that these are rare clinical scenarios, which are evenly distributed across the population so that we should still be able to compare DES usage between socioeconomic groups.

Analytic Methods
----------------

We examined differences in patient and hospital characteristics ([Table 1](#tbl01){ref-type="table"}) according to income quartile using chi‐square tests for categorical variables and analysis of variance for continuous variables. Multivariate logistic regression was used to adjust for patient characteristics (eg, age, gender, comorbidities, race, insurance payer, geographic state) as well as clustering of patients within hospitals to determine the association of socioeconomic quartile with a number of process and outcome quality measures. To handle clustering, we used generalized estimating equations (SAS, GENMOD procedure) with an independent correlation matrix structure. To determine the sensitivity of the results to different analytic strategies, we also re‐examined procedure use after adjusting for the proportion of low‐income patients admitted to the hospital, as well as including individual hospitals as a fixed effect. To examine if race mediated the effect of income on procedure use and mortality outcomes, we repeated these analyses without adjustment for race as a comparison. Odds ratios for income quartiles were all calculated with income quartile 4 (highest) as the reference. To determine the degree to which differences in health outcomes could be explained by inequalities in process quality of care, we repeated the multivariate analyses with the addition of use (yes/no) of PCI within 24 hours for STEMI. A *P* value \<0.05 was considered statistically significant. To handle missing data, for continuous variables, we imputed the mean. For categorical data, we created a missing category in order to not lose data. There were no missing data for outcomes. All analyses were performed with SAS 9.0 (Cary, NC).

###### 

Demographic and Clinical Characteristics by Income Quartile

                             Income Quartile                                     
  -------------------------- ----------------- ---------------- ---------------- ----------------
  Demographics                                                                   
  Male, %                    56.6 (104 715)    58.6 (106 306)   59.9 (102 828)   62.1 (91 632)
  Age, y                     67.5±14.8         68.7±14.7        68.8±14.8        69.8±14.7
  Race/Ethnicity, %                                                              
  White                      54.0 (97 578)     71.8 (127 253)   72.9 (122 074)   79.5 (114 339)
  Black                      18.3 (33 149)     7.2 (12 786)     6.7 (11 130)     3.4 (4910)
  Hispanic                   19.8 (35 882)     13.2 (23 411)    11.4 (19 071)    7.7 (11 071)
  Asian                      3.2 (5688)        3.6 (6384)       4.9 (8137)       5.2 (7469)
  Native American            0.2 (358)         0.2 (432)        0.2 (399)        0.2 (282)
  Other                      4.5 (8164)        3,9 (6946)       4.0 (6678)       4.1 (5840)
  Patient comorbidities, %                                                       
  CHF                        36.2 (66 963)     34.9 (63 330)    33.9 (58 325)    32.8 (48 377)
  Atrial fibrillation        16.6 (30 729)     18.6 (33 771)    18.9 (32 529)    20.2 (29 813)
  Diabetes                   40.5 (75 029)     36.9 (66 994)    34.8 (59 811)    30.9 (45 571)
  Renal failure              22.1 (40 859)     20.9 (37 929)    20.7 (35 587)    19.5 (28 736)
  CVA                        6.9 (12 695)      6.6 (12 051)     6.7 (11 562)     6.3 (9299)
  PVD                        1.7 (3115)        1.9 (3454)       1.9 (3244)       1.9 (2835)
  Malignancy                 2.6 (4729)        2.8 (5064)       2.8 (4879)       3.2 (4668)
  COPD                       23.1 (42 763)     21.8 (39 556)    20.1 (34 595)    17.6 (25 948)
  Charlson Score             2.7±1.8           2.6±1.8          2.6±1.8          2.5±1.8
  Clinical presentation, %                                                       
  STEMI (31.5)               29.3 (54 218)     31.7 (57 533)    32.0 (55 027)    33.4 (49 328)
  NSTEMI (62.2)              62.0 (114 748)    62.0 (112 495)   62.7 (107 689)   62.3 (92 051)
  Unstable angina (6.3)      8.8 (16 241)      6.4 (11 547)     5.3 (9135)       4.3 (6273)
  Insurance type, %                                                              
  Medicare                   58.1 (107 500)    59.1 (107 377)   58.0 (99 733)    58.4 (86 194)
  Medicaid                   12.4 (22 925)     7.7 (13 948)     6.2 (10 729)     3.8 (5560)
  Private                    18.5 (34 282)     23.7 (42 960)    27.2 (46 724)    31.4 (46 367)
  Self pay                   6.8 (12 630)      5.7 (10 322)     5.0 (8575)       3.7 (5462)
  No charge                  0.9 (1724)        0.7 (1308)       0.7 (1254)       0.4 (587)
  Other                      3.3 (6134)        3.1 (5651)       2.8 (4823)       2.4 (3476)
  Hospital type, %                                                               
  Public (14.6)              14.5 (24 359)     11.8 (19 586)    11.8 (18 412)    13.6 (18 702)
  Non‐profit (69.2)          65.3 (109 723)    69.1 (114 373)   73.2 (114 064)   70.7 (96 975)
  Profit (16.2)              20.3 (34 058)     19.1 (31 598)    14.9 (23 273)    15.69 (21 526)
  Geographic state, %                                                            
  CA (35.8)                  35.5 (65 714)     34.3 (62 182)    36.5 (62 697)    37.4 (55 245)
  FL (29.6)                  31.9 (59 114)     31.0 (56 260)    28.3 (48 544)    26.5 (39 051)
  NY (23.1)                  21.1 (39 036)     23.0 (41 802)    23.6 (40 568)    24.9 (36 774)
  NJ (11.6)                  11.5 (21 343)     11.8 (21 331)    11.7 (20 042)    11.2 (16 582)

Gender missing in 20 731. Age missing in 22. Race missing in 37 233. Comorbidity missing in 20 379. Clinical presentation missing in 20 379. Insurance type missing in 20 419. Hospital type missing in 80 015. Geographic state missing in 20 379. All differences in statistics were significant across all 4 income quartiles (*P*\<0.0001). CHF indicates congestive heart failure; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; NSTEMI, non‐ST elevation myocardial infarction; PVD, peripheral vascular disease; STEMI, ST elevation myocardial infarction.

This study was approved by our institutional review committee.

Results
=======

Patient Characteristics
-----------------------

A total of 835 070 hospitalizations for ACS were identified across the 5 states. Analysis of the demographics ([Table 1](#tbl01){ref-type="table"}) of the patient population studied showed that as income quartile increased, age at admission increased and comorbidities decreased (*P*\<0.0001). The percentage of patients presenting with STEMI and NSTEMI increased as income quartile increased (*P*\<0.0001), but those presenting with unstable angina decreased as income quartile increased (*P*\<0.0001).

Procedure Use
-------------

We found that as ZIP code income quartile increased, patients were more likely to receive a coronary angiogram when presenting for ACS (60.6% of low income versus 66.0% of high income, *P*\<0.0001 across all income groups) ([Table 2](#tbl02){ref-type="table"}). The percentage of those who received revascularization among those who had a prior angiogram also increased with higher socioeconomic status (71.5% for IQ 1, 74.7% for IQ 2, 75.3% for IQ 3, and 77.3% for IQ 4). After adjustment for patient characteristics and clustering by hospital, the odds ratio for receipt of an angiogram for the lowest quartile (1) compared with the highest income quartile (4) was 0.82 (95% CI 0.70 to 0.96) ([Figure 1](#fig01){ref-type="fig"}).

###### 

Procedures by Income Quartile (%)

                          Income Quartile                        
  ----------------------- ----------------- ------ ------ ------ ------
  Angiogram               Any               60.6   63.2   64.0   66.0
  Within 24 h if STEMI    69.5              71.1   72.1   73.7   
  Within 48 h if NSTEMI   47.6              49.5   49.7   51.8   
  Revascularization       Any               43.3   47.2   48.2   51.0
  PCI                     35.5              38.7   39.9   42.8   
  If PCI, DES             64.7              66.8   68.7   71.2   
  CABG                    8.1               8.9    8.8    8.6    

Angiogram, revascularization, PCI, and CABG data missing in 20 379. DES data missing in 7695. Angiogram within 24 hours if STEMI missing in 6000. Angiogram within 48 hours if NSTEMI missing in 12 199. All differences in statistics were significant across all 4 income quartiles (*P*\<0.0001). DES indicates drug eluting stents; NSTEMI, non‐ST elevation myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST elevation myocardial infarction.

![Adjusted procedures by income quartile. Odds ratios for income quartile influencing procedures for patients admitted with ACS from 2008 to 2011, adjusted for age, gender, race, comorbidities, insurance type, and clustering of patients within hospital. The highest income group (quartile 4) was used as the patient reference group. *P* value for CABG=0.28, *P* value for DES=0.02, *P* value for PCI=0.005, *P* value for any revascularization=0.01, *P* value for angiogram within 48 hours if NSTEMI=0.18, *P* value for angiogram within 24 hours if STEMI=0.01, *P* value for any angiogram=0.07. ACS indicates acute coronary syndrome; CABG, coronary artery bypass graft; DES, drug eluting stents; IQ, income quartile; NSTEMI, non‐ST elevation myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST elevation myocardial infarction.](jah3-3-e001029-g1){#fig01}

Higher‐income ZIP code residents were also more likely (*P*\<0.0001) to receive an angiogram within 24 hours of presentation with a STEMI (69.5% of lowest income versus 73.7% of highest income) and within 48 hours of an NSTEMI (47.6% of lowest income versus 51.8% of highest income). For STEMI patients, the adjusted odds ratio compared with the highest income quartile for receiving an angiogram within 24 hours was 0.79 (95% CI 0.68 to 0.91) for quartile 1. For NSTEMI patients, the adjusted odds ratio compared with the highest income quartile for receiving an angiogram within 48 hours was 0.86 (95% CI 0.75 to 0.99) for quartile 1.

Higher‐income ZIP code residents were also more likely to receive revascularization of any kind during the ACS admission (43.3% among lowest income versus 51.0% of highest income, *P*\<0.0001 across all income groups). The adjusted odds ratio compared to income quartile 4 was 0.82 (95% CI 0.73 to 0.93) for quartile 1. Use of PCI as the method of revascularization was also less in lower‐income groups with an adjusted odds ratio compared to the highest income quartile of 0.82 (95% CI 0.74 to 0.91) for quartile 1. Differences in PCI use by income quartile persisted by geographic state as well (Table [A1](#tbl05){ref-type="table"}). However, after adjustment for patient and hospital characteristics, there was no income inequality noted for receiving coronary artery bypass surgery as the method of revascularization.

The inequality pattern persisted for use of a DES among those undergoing PCI. We found that as income quartile increased, patients were more likely to have a DES placed with an adjusted odds ratio compared with the highest income quartile of 0.83 (CI 0.74 to 0.93) for quartile 1. The relationship between higher‐income quartile and more DES use was present for all subgroups examined (race, payer, state). To discern whether the differences in DES versus BMS use may relate to STEMI versus NSTEMI diagnosis, we reanalyzed differences in stent choice by income quartile according to ACS diagnosis. We found that the differences in DES usage by income quartile persisted. Evaluation of temporal trends in DES use demonstrated that the percentage of patients who received a DES increased over the time period from 2008 to 2011 ([Figure 2](#fig02){ref-type="fig"}). Overall, higher‐income quartile was associated with higher DES use regardless of year. The relationship between income quartile and DES was also unchanged regardless of insurance status or state (data not shown).

![Temporal trends in DES use by income quartile. The percentage of patients who received a DES increased over the time period from 2008 to 2011. Overall, higher‐income quartile was associated with higher DES use regardless of year. DES indicates drug eluting stents; IQ, income quartile.](jah3-3-e001029-g2){#fig02}

However, after additionally adjusting for the hospital\'s proportion of low‐income residents, out of all the procedures we examined, the only remaining significant trends when comparing income quartiles were for the use of a DES if PCI was performed (IQ 1 versus 4 OR 0.83 \[CI 0.77 to 0.90, *P*\<0.0001\]), which favored the higher‐income patients ([Table 3](#tbl03){ref-type="table"}). When we included individual hospitals as a fixed effect, the differences by income were attenuated, but lower income remained significantly associated with less DES use.

###### 

Procedures by Income Quartile (OR±CI) Adjusted for Hospital Rate of Low‐income Patients

                          20% Increase in a Hospital\'s Fraction of Low Income Patients   *P* Value             Income Quartile       *P* Value                                                         
  ----------------------- --------------------------------------------------------------- --------------------- --------------------- --------------------- --------------------- --------------------- ------
  Angiogram               Any                                                             0.90 (0.83 to 0.98)   0.02                  0.97 (0.88 to 1.06)   0.97 (0.85 to 1.09)   0.98 (0.89 to 1.08)   0.86
  Within 24 h if STEMI    0.91 (0.84 to 0.99)                                             0.02                  0.91 (0.83 to 1.00)   0.89 (0.79 to 1.01)   0.95 (0.85 to 1.05)   0.20                  
  Within 48 h if NSTEMI   0.95 (0.88 to 1.02)                                             0.16                  0.92 (0.85 to 0.99)   0.94 (0.86 to 1.02)   0.95 (0.88 to 1.02)   0.34                  
  Revascularization       Any                                                             0.92 (0.86 to 0.99)   0.02                  0.93 (0.86 to 1.00)   0.95 (0.86 to 1.05)   0.96 (0.89 to 1.04)   0.05
  PCI                     0.92 (0.87 to 0.98)                                             0.008                 0.93 (0.87 to 0.99)   0.93 (0.82 to 1.00)   0.95 (0.88 to 1.01)   0.08                  
  If PCI, DES             1.00 (0.93 to 1.07)                                             0.99                  0.83 (0.77 to 0.90)   0.87 (0.79 to 0.96)   0.93 (0.85 to 1.01)   \<0.0001              
  CABG                    1.00 (0.94 to 1.07)                                             0.98                  1.01 (0.93 to 1.10)   1.07 (0.97 to 1.19)   1.05 (0.97 to 1.14)   0.13                  

Angiogram within 24 hours if STEMI missing in 23 670. Angiogram within 48 hours if NSTEMI data missing in 58 176. DES data missing in 29 159. CABG, any angiogram, PCI, and any revascularization data missing in 92 377. Adjusted for age, gender, race, comorbidities, insurance payer, clustering of patients within hospital, and hospital rate of low‐income patients. Analysis of patients receiving DES was only among patients receiving PCI, thus the comparison was DES vs BMS. BMS indicates bare metal stent; DES, drug eluting stents; NSTEMI, non‐ST elevation myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST elevation myocardial infarction.

To examine if race mediated the effect of income on procedure use, we repeated these analyses without adjustment for race as a comparison, and found stronger income effects. For example, use of PCI as the method of revascularization without adjustment for race had an odds ratio versus the highest income quartile of 0.76 (95% CI 0.68 to 0.85) (compared with 0.82 \[95% CI 0.74 to 0.91\] after adjustment for race) for quartile 1.

Outcomes
--------

Outcomes also differed by socioeconomic group ([Table 4](#tbl04){ref-type="table"}). As income quartile increased, there was slightly lower mortality for STEMI patients (10.8% for the lowest income versus 9.4% for the highest, *P*\<0.0001 across all income groups).

###### 

Outcomes by Income Quartile

                       Income Quartile   *P* Value                                  
  -------------------- ----------------- ----------- --------- --------- ---------- ------
  Mortality, %         All ACS           6.5         6.4       6.5       6.4        0.92
  STEMI                10.8              10.1        9.6       9.4       \<0.0001   
  NSTEMI               5.4               5.2         5.4       5.3       0.22       
  UA                   0.3               0.4         0.5       0.6       0.07       
  Re‐admission, %      All ACS           9.9         10.1      10.2      10.4       0.02
  STEMI                8.7               8.7         8.1       8.2       0.09       
  NSTEMI               11.8              11.8        12.2      12.2      0.16       
  UA                   3.3               4.2         4.0       6.8       \<0.0001   
  Hospital LOS, days   All ACS           5.5±6.7     5.4±6.5   5.3±6.3   5.3±6.7    0.02
  STEMI                5.4±7.4           5.2±6.7     5.1±6.5   5.1±7.2   0.03       
  NSTEMI               6.0±6.8           5.8±6.6     5.7±6.4   5.6±6.7   0.02       
  UA                   2.4±2.3           2.2±3.2     2.2±2.2   2.0±2.2   0.03       

LOS missing in 100. Re‐admission for all ACS missing in 6802, for STEMI in 1967, for NSTEMI in 4011, for UA in 852. Mortality for all ACS missing in 20 406, for STEMI in 6000, for NSTEMI in 12 442, for UA in 1905. ACS indicates acute coronary syndrome; LOS, length of stay; NSTEMI, non‐ST elevation myocardial infarction; STEMI, ST elevation myocardial infarction; UA, unstable angina.

Thirty‐day re‐admission rates were modestly higher among higher socioeconomic groups (9.9% for lower‐income versus 10.4% for higher‐income groups, *P*=0.02 across all income groups). Of note, this difference was driven by the unstable angina patients (3.3% re‐admission rate for lower income versus 6.8% among higher‐income, *P*\<0.0001 across all income groups).

In order to assess whether changes in quality or procedural intervention rates might influence the outcomes inequalities seen across income quartiles, we re‐evaluated mortality outcomes after adjusting for use of primary PCI ([Figure 3](#fig03){ref-type="fig"}). For the patients presenting with STEMI, after adjustment for comorbidities but before adjustment for primary PCI, we found that as income quartile increased, mortality decreased. Compared to the highest income quartile (4), the OR for income quartile 1 was 1.17 (95% CI 1.11 to 1.25). After adjustment for PCI within 24 hours of STEMI diagnosis, the inequality among income quartiles (relative to the highest income quartile) decreased to an adjusted OR of 1.14 for income quartile 1 versus 4 (95% CI 1.07 to 1.21). Similar patterns were found for the other income quartiles.

![Mortality adjusted for revascularization by income quartile. Odds ratios for income quartile influencing mortality for patients admitted with ACS from 2008 to 2011, adjusted for age, gender, race, comorbidities, insurance type, clustering of patients within hospital, and primary PCI. The highest income group (quartile 4) was used as the patient reference group. *P* value for STEMI \<0.0001, *P* value for STEMI adjusted for 24 hours PCI=0.0003. ACS indicates acute coronary syndrome; IQ, income quartile; PCI, percutaneous coronary intervention; STEMI, ST elevation myocardial infarction.](jah3-3-e001029-g3){#fig03}

To examine if race mediated the effect of income on mortality after STEMI, we repeated these analyses without adjustment for race as a comparison, and in contrast to the effects seen with procedure use, there was no significant effect of race observed with mortality. Mortality after STEMI without adjustment for race had an odds ratio versus the highest income quartile of 1.17 (95% CI 1.10 to 1.24) for quartile 1, compared with 1.17 (95% CI 1.11 to 1.25) after adjustment for race.

Discussion
==========

We found that for the more well‐accepted treatment for coronary artery disease (namely, coronary artery bypass surgery), inequalities attributable to individual neighborhood income have faded. However, for DES use, an expensive and until more recently, controversial revascularization choice, income inequalities have persisted. Our study also confirmed the link between quality of care and outcome inequalities with use of early PCI explaining in part the differences in mortality across income groups. We also found that race appears to explain about 25% of the effect of income on PCI use.

Prior studies have found disparities to be most striking for expensive procedures.^[@b25]--[@b26]^ Our data substantiate these findings. However, we demonstrate that bypass surgery was no longer more frequent in higher‐income patients, in contrast to older studies.^[@b27]--[@b28]^ One might speculate that since bypass surgery is no longer a novel technique (though still expensive), that it is now more readily adopted for all patients regardless of socioeconomic status and also more readily accessible. However, it is also possible that patients of lower socioeconomic status have more severe and complex coronary disease, especially given their greater comorbidities, making them better surgical than percutaneous coronary intervention candidates. Furthermore, surgery does not involve delivery of stent material that would require post‐procedural strict adherence to a dual antiplatelet regimen. It is also possible that hospitals serving lower‐income patients may abide more closely to the evidence that bypass surgery provides a more established benefit in terms of major adverse cardiac events compared with PCI.^[@b29]^ One older study suggested that inappropriate use of percutaneous transluminal coronary angioplasty was greater than for coronary artery bypass surgery, which raises the question of whether patients of lower socioeconomic groups may be treated equally to those of higher‐income groups only when the indications are extremely clear and deemed necessary.^[@b30]^

In contrast, we find that the recent differences in use of angiography and stenting continue to mirror related studies of income, race, and insurance payer from years ago.^[@b14],[@b31]--[@b33]^ For example, when Rose et al^[@b6]^ evaluated myocardial infarction patients from the Atherosclerosis Risk in Communities Study (1993‐2002) stratified by neighborhood‐level income, black patients in the low (OR 0.60, 0.54 to 0.66) and medium (OR 0.70, 0.60 to 0.78) income groups as well as white patients in the low income group (OR 0.83, 0.75 to 0.91) were less likely to receive angiography compared with the highest income tertile. Similarly, Casale et al^[@b7]^ found that the lowest‐income quintile was associated with not undergoing PCI (OR 0.87, 0.80 to 0.94). Regarding our finding of higher use of DES among higher‐income groups, the most obvious explanation may be related to the fact that higher‐income patients are more likely to have insurance to cover a higher cost procedure and subsequent dual antiplatelet therapy. Whether verification of insurance status is actually performed prior to performing PCI is unclear, but the simple perception of this may be enough to influence physician choices. Another important aspect may be the perception of the reliability of the patient to comply with a longer requirement for strict dual antiplatelet therapy post‐PCI, especially given prior studies suggesting lower compliance among patients who have more comorbidities or younger age,^[@b34]^ consistent with the lower socioeconomic groups in our study.

A recent study of Medicare patients showed that income inequality was associated with re‐hospitalization in acute myocardial infarction patients.^[@b35]^ It raised the question of whether differences based on inequality were due to "contextual" factors (not relating to an individual\'s income) or "compositional" factors (more poverty is found in more unequal societies). One could posit that in a society with more inequality, the patient social support systems or the healthcare delivery options may be worse, which may be unrelated to an individual\'s actual income.

However, it is important to note that we found the inequalities in DES usage persisted after adjustment for hospital rate of low‐income patients and remained statistically significant after including individual hospitals as a fixed effect. This suggests that even after hospital‐wide standard practices and community resource‐related factors are accounted for, certain individual effects remain. While many observed health disparities are explained by poor patients\' poor choice of hospitals,^[@b36]^ our data suggests that the differences in DES usage cannot be entirely explained by this.

The finding that patients of higher socioeconomic status had higher rates of PCI within 24 hours of STEMI diagnosis or 48 hours of NSTEMI diagnosis suggests a further deficiency in basic quality measures for low‐income patients. While door‐to‐balloon times for STEMI have decreased among minorities over time ^[@b37]^ and substantially improved for women and the elderly,^[@b38]^ our data reveals that socioeconomic inequalities persist. There are a number of possible explanations for this. On a strict cost‐based analysis, prior research shows that an early invasive strategy is more costly for the index hospitalization, even if it might be cost‐effective in the long run.^[@b39]^ We can speculate at the clinical factors that may also be at play. If a low‐income patient presents with a STEMI or NSTEMI, treatment may be delayed as the physician may spend more time trying to assess if there are any contraindications to antiplatelet therapy. This may be more difficult to assess if the patient is less educated about his medical history, does not have consistent medical records, or lacks a reliable way to obtain antiplatelet therapy post‐procedure. A lower‐income patient may also not be as well versed at describing his symptoms, nor may he feel empowered enough to self‐advocate. Higher‐income patients may also have higher expectations in terms of reasonable wait times when presenting with chest pain. Since lower‐income groups are composed of more minority patients, conscious or unconscious discrimination could also still be a factor.^[@b40]--[@b41]^

Not surprisingly, the differences observed in revascularization, timing, and stent choice, appear to be associated with higher mortality rates, even after adjusting for patient characteristics. However, a somewhat unexpected finding is the lower re‐admission rates among lower‐income groups who present with unstable angina. A similar finding was reported from Canada.^[@b42]^ Rather than suggesting that patients of lower‐income groups have less recurrence of symptoms, our results raise the question of whether patients who deal with unstable angina who are of lower socioeconomic groups are simply less likely to present to the hospital again in a recent time frame, as prior studies suggest.^[@b43]--[@b44]^ They may have different expectations from the medical system, poorer understanding of their own condition, or less financial capability to do so. One prior study suggests they may refuse care even when offered.^[@b45]^ This finding is consistent with their lower rates of index admission for unstable angina, despite higher rates of admission for NSTEMI and STEMI. One could argue that poorer patients have a higher threshold for returning to the hospital, which is met by only the latter two conditions.

Another aspect of our analysis was a preliminary inquiry into the effects of race. Race is highly correlated with income.^[@b46]^ In order to determine how much of the income effect was explained by race, we performed analyses both with and without adjustment for race. We found that for use of PCI, there was a 25% contribution of race to the income effect. However, for mortality, there was no clear effect seen. This suggests that depending on the procedure and outcome studied, the contribution of race to the income effect is likely to vary. A full evaluation of these variations is beyond the scope of this analysis, but should be the subject of future studies.

One of our study\'s main strengths is that it captures data for all hospitalizations for ACS from 2008 to 2011 from the selected states, free from any biases such as insurance status or physician reporting. However, inherent in this kind of dataset is that certain aspects of the admission cannot be reliably discerned, such as rate of thrombolytic use and contraindications to dual antiplatelet therapy. Our study also lacks clinical detail, such as left ventricular function and severity of coronary disease. We are also unable to discern if patients do not receive PCI because they refuse it or are too sick to receive it, or if BMS may be chosen over DES because the patient may not have reliable access to costly dual antiplatelet therapy. This information would be useful for better understanding the nuances of the inequalities observed, but will require further evaluation. Another limitation of the HCUP data is that a single patient would have appeared more than once if he or she had a second acute coronary syndrome during the year. We used patient ZIP code to estimate income, which could result in misclassification as it is an ecologic measure requiring relative homogeneity of household income within a geographic area for it to be a reliable measure of individual socioeconomic status.^[@b47]^ Furthermore, neighborhood income may represent geography and distance to hospitals. However, numerous previous studies have done the same ^[@b48]--[@b49]^ and prior evaluation has found disparities at both the ZIP code and individual level of analysis.^[@b50]^ With regards to inequalities in PCI use, it is important to emphasize that we evaluated only patients presenting to the hospital with ACS, which does not include elective or outpatient PCI cases. It is possible that the inequalities we found might be worse among elective PCI patients. We also note that a stronger effect on mortality may have been observed if we were to extend evaluation beyond in‐hospital mortality outcomes. While we adjusted extensively for patient characteristics and hospital factors, it is still possible that unadjusted covariates may persist.

With the implementation of the Affordable Care Act, we may soon encounter larger numbers of lower socioeconomic patients accessing cardiovascular care, making these findings even more important to understand. While our recent data is promising in that socioeconomic inequalities for more common procedures such as coronary artery bypass surgery and BMS use have declined, it is apparent that they still exist for DES usage and PCI timing. These persistent inequalities by income have important implications for cardiovascular outcomes. After adjustment for use of primary PCI in our study, inequalities in mortality across income quartiles decreased. This suggests a sharper focus for our efforts to improve disparities in cardiovascular mortality. While there has been tremendous investment in developing novel techniques and advanced technology for percutaneous intervention in recent years, these arguably offer only incremental gains for improving cardiovascular disease. We may actually stand to gain the most additional benefit for our lowest socioeconomic groups by simply targeting more timely revascularization when appropriate.
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###### 

PCI (%) by State and Income Quartile (all *P* Values \<0.0001)

  State   Income Quartile   PCI (%)
  ------- ----------------- ---------
  CA      IQ1               33.59
  IQ2     37.08             
  IQ3     38.66             
  IQ4     43.56             
  FL      IQ1               39.31
  IQ2     41.29             
  IQ3     43.20             
  IQ4     45.43             
  NJ      IQ1               34.77
  IQ2     39.71             
  IQ3     39.53             
  IQ4     39.95             
  NY      IQ1               33.40
  IQ2     36.89             
  IQ3     37.84             
  IQ4     40.10             
